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| NVENTI ONvBakat@d Applications [0001] This application cl @cwasprisrity to
U.S. Provisional Application No. 60/249,570, filed on Novenmber 16, 2000.
Field of the Invention [0002] The present invention relatesl § §Af 2005
communi cations systens and net hods. Mdire specifically, the present
invention relates to systens and nethods fbr inproving the performance of
cellular tel ephone systens. Description of the Related Art: [0003] Cellular
t el ephone systens are characterized by a nunber of base stations each of

which is equip ] I I i i hopal |y
connected to an aﬁ‘%@ﬁ%@ﬁ%ﬂﬁ%@gw éﬁ?&%&’gﬁ%@g?@ or
"cell". The conventional RIRECTINARROWYEBEAM ANTENNIAS i ncl udes three
antennas, each of which radiate energy over a 120 arc to provide the 360
coverage required for the cell. [0004] Smart antennas are arrays of antenna
el enents, each of which receive a signal to be transmtted with a

predet ermi ned phase offset. The net effect of the array is to direct a
(transmit or receive) beanBACIRGROUNDADRITEDINVENTION. The beamis steered
by controlling the phase relationships of the signals which excite the

el enents of the array. Thus, smart antennas direct a beamto each

i ndi vi dual rul-tiple users) as opposed to radiating energy to all
users wthi {8flied 2 1["l]&'jﬂlnt)hsped coverage area (e.g., WO 02/41652 PCT/ USO01/ 43577
16 g~ [0001] This application claims priority to U.S. Provisional Application No. :

60/249,870, filed on November 16, 2000.

Field of the Invention

[0002] The present invention relates to communications systems and methods. More
specifically, the present invention relates to systems and methods for improving the

performance of cellular telephone systems.

Description of the Related Art:

[0003] Cellular telephone systems are characterized by a number of base stations each
of which is equipped with a transceiver. The transceiver is conventionally connected
to an antenna arrangement which provides a coverage area or “cell”. The
conventional antenna arrangement typically includes three antennas, each of which
radiate energy over a 120° arc to provide the 360° coverage required for the cell.

[0004] Smart antennas are arrays of antenna elements, each of which receive a signal
to be transmitted with a predetermined phase offset. The net effect of the array is to
direct a (transmit or receive) beam in a predetermined direction. The beam is steered
by controlling the phase relationships of the signals which excite the elements of the
array. Thus, smart antennas direct a beam to each individual user (or multiple users)

as opposed to radiating energy to all users within a predetermined coverage area (e.g.,



2 120') as per conventional antennas. Smart antennas increase system
capacity by decreasing beam wi dth and thereby decreasing interference Wth
a reductign interference, increases in signal-to-interference an
srgnal-toVW%?¥ﬂ“?atros result allowing for inproved perfdrratitd’ &/or
capacity. Power controlled systens, this results in a redu’cﬁr\\’wrﬁ2 t he )
transmt power for a given |evel of performance. [0005] Wile smart antennas
are effective to inprove capacity, one pro@lenr associated with the use of
smart antennas is that of locating the user to whoma given beamis to be

directed. |nidde dseyer@fvéntivhal bien@ROSeadl ambfiradahciehse® BRI F@Jinﬁ/nb yted
by the user is used to calculate the user's position by triangulation or

ot her sui tabd@reﬂtserghbﬁaquwdthlrﬁfr@r tmrﬁ’ém'edeﬂea@ug rigterferenctini Withsa raducton ¢l at i ng
angle of arri rt i nformation %q KLI}& i onal I i. nt@n{sr ve. LQOOG‘]E? IF
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fromthe usejliidg ForSi g%w&ﬁtpekﬂoﬁﬁandé%@[o& URARICRYY . PowerSORBoll&d PysteisD @y
environnents this condition does not hold as the signal is often refl ected

of f bui | di ngeesulirdnatrbdiction of thettianemwit aawer toe aigived lew! af manmpacm beam [00071

Hence, a nee S |n he art for sYstem or net haod f i ncrea

system capa@mpgfw&rﬁ ceft |%{}I gp e%rﬁogge sﬁ/’ét némpgoﬁlgcf:?‘?a(?éﬁ )?netﬂr ?’g}n?s a
need in the asbcihitod wath By Gdetdh soiarN@itdiods {sahatagFdeddtial Phd @sek REwROSI 4 £i0¢h Of a
user in a cellular tel ephone Sé&tem equi pped with smart antennas. SUMVARY
OF THE | NVEI\hfPE’@\FS[tQG’G@}TthH@ Feie rerershibiniyripe prole gfipeivabal eRerehsansedéer ngs of

the present ereq}sepﬁ %I&]?o cél@ryﬁ%tﬂhggl\s; gk YSh&Mdn n%ﬁ%%@u@np?\é?lotl{%ﬁ%ﬂta% ém' t

whi ch communicates Wt ew an geous "base”s
unit incl udescknigyst enfoptungieher airremn méhmqmzsr foronalcuibtngedrighn dndrrival
transcei ver f r transmtti nt%ptgrrllaj osr tion information. In the preferred

enbodi nent , HomaESPPRK Cﬁ@ﬁm(’%de Division Multiple Access)
system and tMOWﬁtsﬁiﬁlﬁoﬁf thBeARTRT WagksPRa! I QR ioRiRhERIHLE ehd?SY HREei AU

from the user via a straight line. Unfortunately, in some (e.g. urban) environments
this condition does not hold as the signal is often reflected off buildings and other
structures and received as a multipath beam.

[0007] Hence, a need remains in the art for a system or method for increasing system
capacity for cellular telephone systems. Specifically, there is a need in the art for a
system or method for ascertaining the position of a user in a cellular telephone system

equipped with smart antennas.
SUMMARY OF THE INVENTION

{0008] The need in the art is addressed by the teachings of the present invention. The
inventive system includes a novel mobile unit which communicates with a new and
advantageous base station. The mobile unit includes a system for generation of
position information and a transceiver for transmitting the position information. In
the preferred embodiment, the transceiver is a CDMA (Code Division Multiple
Access) system and the system for generating position information includes an

arrangement for receiving a Global Positioning System (GPS) signal.



arrangenment for receiving a G obal Positioning System (GPS) signal. 16 MAY

Z' 605 3 [0009] The inventive base station is adapted to receive position
information froma renote unit and provide a received positi quﬁ ?@]al in
response thereto. The novel base station is further equi pped Al

mechani smfor directing a beamin response to the received position signal.
In the illustrative enbodi nent, the nechanismfor directing the beamis a
smart antenna system i ncludi ng an antenna array and a beanform ng network
for driving the array to output the directed beam BRI EF DESCRI PTION OF THE
DRAW NGS Fi §0009] iThie daveh@W ©Hsaaiasn of a&hgﬁed%%cé?f\‘ﬁwﬁ&r f\:)éfa&mghﬂ Fond M

impl emented in accordance with a conventional I'mum Mean Squared Err-or

Al gorithm Kggote ppt prd propide e lreagdivad pasitieh sighalgn cespossechaetoo Thanbas base
conventional,_.cellular system .Fig. 2B.is iagram_of a cellul ar tel ephone
system uti | P29 ‘blsafﬁgﬁ%fr legﬁéngﬁﬁﬁqgﬁé’ta@ﬁ{n @f g%fe%lqgsa beany IHERPASA M R of & |
mobi | e uni t ddeived pesidaGenaAN Tk hﬁud@[aﬁ&@éﬁlbo&iﬁx@ﬁpitﬂbgﬁ ah8m fhr bifed |
sinplified bl ock gj agramgl})f a base station in accor a%%hg V\nmt%r tﬁ%engr esently |
di scl osed nichbramnist spph Artenrs, systepulbiciudingint atehat artaypimehe beansforming  ( PSTN) |,
and a switc i S sinplified blqck diagramof the snart antenna
system Fi g?t“g’ﬂlggorinyﬂnga?eoqr%%rt%ﬁ?@f“fgﬁgﬁFﬁffi? ‘used to formbeans. Fig,
7 is a flow diagram of a spatial processing nethod. 6 MAT Z005 DESCRUMON OF
THE EWM ON || lustrative enbodi nents and exerr}%ﬁary applications will now be

descri bed BRIEF DESCRIPTION OF DRAWINGS

Fig. 1is a flow diagram of one such beamforming algorithm implemented = |

in accordance with a conventional Minimum Mean Squared Error Algorithm.. o

~ Fig. 2A is a block diagram showing one sector of a basic conventional )
cellular system. |

Fig. 2B is a diagram of a cellular telephone system utilizing a smart

' antenna system.
i ‘Fig. 3 is a block diagram of a mobile unit in accordance with the present
teachings.

Fig. 4 is a simplified block diagram of a base station in accordance with
the presently disclosed method and api:amtus, a public switched telephone
network (PSTN), and a switch.

Fig. 5 is a simplified block‘diagram of the smart antenna system.

Fig. 6 is a flow diagram of an algorithm used to form beams.

Fig. 7 is a flow diagram of a spatial processing method.



with reference to the acconpanying drawi ngs to disclose the. advantageous
teachings of the present invention. Wile the present invention

descri bed herein with reference to illustrative enbodinents for1 ?)?W r%l ar
applications, it should be understood that the inventionis not limted

thereto. Those having ordinary AMin the art and access to the teachings
provi ded herein will recognize additional nodifications, applications, and
enbodi ments within the scope thereof -and additional fields in which the
present invention would b [WaTarg & ﬁ m ig. 2Ais a block

di agram show ng one sector e%gégﬁgggéﬁﬁyen I awl(égi | ul ar system- The
system 10' includes a base station 20' which transmts and receives signals
to and froma plurality of suhscriber units 30" the three secto nt ennas
22 24 and 26, Hewpbe Fmg?ﬁgmeﬁa@ﬁdéﬁ%aw pRpligaiqng el ray P gbrabed 120+
sector of Covmg%r%&e @ﬁ‘e 2L ERpAYHFOUSHAYS 1P BRMbAAH. Bivaatistodshe£RimRt ennas
(e.g, 26',22",2, I'n

ig. 2A I's’shaded. Hence, th= antennas sets are
typi cal | y usexf theopregemoinverdioB600 coverage required for each cell.. la Fig.

2A, the base statign..2Q' uses .one.tr ] 0 |L apt 26' and
two diversity (r et%e I%?Enl?ffse&hf'g G ,S%gnlbgéhe%ﬁgg r"fg&égen#oﬁﬁigﬁatfvﬁe art
Wi le this apﬁﬁﬁ&ﬁﬁeﬁtﬁ&rgﬂﬁﬁwﬁﬂﬂﬁﬁﬁmti't‘sEdnﬂdbe)undEdwod thiethe dpeatiény/ist her eof

has been somewhat |limted. As nenti ongid abovye, tﬁmart antenn?q_sk are being
utilized to iPRirueited thergtoe Ahass haying ordinagy skl iy the aft apfagress Pthgieashingss 5

u f bk o
Thgggsg o ?oﬁ‘%ﬁ“éhﬁg‘. ?Wn&caér%@na fidra? Hﬁdﬁcﬁﬁ@fs,g.ﬁéﬁ%%s Syt em

is siml to that shown I n t he

exception of embsdimehtsawitinrhe acopeytha@of and [additiondl fidhds irhwhichsthe tpreseant ennas
22', ZV and 26' of.

syst em depi ct W‘Pﬁmﬂ%‘g&lfgﬁrgg"r}gﬁ%&‘l}gjﬁ%?eczrer;;?ir sgg.r zfs tsﬂgm;oln\r/]eglt Igong:B o
shart antennas ar efjgRYy9A0fs aHl@kNEagRhe BiRWing bae seQB3E Bf Qf basft) 6dhvesEdtiave-a
-signal ‘to be t ransmtted with a predet elrén"naed ~ phase of fset: The. net effect
“of the array £eHulpsysiemyi rlbe sysiemy Uh JRipdesy 2 batgestionndinvingh trapgmifs and
predet er m ned ydisfg tdiials Ml BBRTRI SluMBR 6P hiRlBerVniG O 'Rk thi8 debRrPhase
antennas 22°, 24’ and 26, respéctive.ly. Each antenna ig designed to provide a 120° |
' scc.tor‘of coverage 28". The ‘area of coverage provided by the three antennas (e.g,
-26°22'24") in Fig. 2A is shaded. Hence, three antennas sets are 't‘ypic_all;y' used to
provide 360° coverage required for each cell. In Fig. 2A, the base station 20’ uses
one transmit (forward link) antenna 26’ and two diversity (return link) antennas, 227
and 24’ as is common in the art. While this approach has been used effectively 1o
date, the capacity thereof has been somewhat limited. As mentioned above, smart -
antennas are being utilized to increase the capacity of a cellular telephone.

Fig. 2B is a diagram of a cellular telephone system utilizing a smart antenna
system. The system 10°” of Fig. 2 is similar to that shown in Fig. 1 with the exception
of a smart antenna array 40’ in lieu of the three sector antennas 22’°, 24" and 26’ of
Fig. 2A. The coverage sector 28" of the conventional system depicted in Fig. 2A is
shown for comparison. As shown in Fig. 2B, smart antennas are arrays of antenna
elements 42", each of which receive a signal to be u:'ansmi.tted with a predetermined
phase offset. The net effect of the array 40’ is to duect a transmit or receive beam 44

in a predetermined direction. Each beam is conmollable by controlling the phase

”
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- _ system such as the d

4 16 MAY 2005 relationships of the signals used to excite (O received
from the elenents 42° O the may 40'. Thus, smart antennas direct a beam
. to each individual user as oppose - d to radiating energy & MAX D5 recei ving
energy from all users within a predetermned coverage area (e.g., 1200) as
per conventional antennas. Hence, smart antennas increase system capacity
by decreasing beamw dth and thereby decreasing interference. Wth a
reduction in interference, an increase in signal-to-interference and
signal-to-noise ratio result allow ng for inproved performance and/ or
capacity. Nt | ] 3 ective to
Cmprove clpierapes G ndBlbP A5 A (o thocfiol Fiirh AOLRARAS 4 B Ble T8 0% ¢
that, of | aga&t401g Thus, smanwmmalzghm&nem»ainﬂlvsdmbudaeaﬁopmtcbm In t he
reversellnk the angle of arr,iyal n transrrttedb theu IS
used to caFfAUREETERRY IR T §=°ﬁe5§’£t?f’8F$Yb§‘ @%aﬁw Jyithim, ‘%‘? |tabI e
techni que. ba! #BRYEEY 1269 LBl LARRMAUPSmohh. HEMU Ak Guding) © Of
arrival informetion conputational 'y intensive. Unfortunately, In sone
envir onrrentim:réae Osysieth aapatityi bgndmmtas;ngt hean cwitdth t arsh thatehys dmuteammgd as the
signal is oftg&n refl ed of f of. buil gs and ot her sénailctu and
recei ved adntgrisrenee; pWith 3 edyrtiqnoincintericrente, An dFreRsT B Stggl- eIC® he art
for a- syst 3{-@’@% d/8fc | ar
tel ephone sagg]ts ﬂ%%gggfiﬁrg?‘ill{/mrowgfe&g:@a need |ﬁdc%%rel g{taﬁg%wyla syst em or
met hod for ascertiowayengs meatipassi abpyh Wilesmageantanpanace eifestivede i lmetqyphone

system equi W .t h t

t eachi ngs ':T%B?ﬁ% ‘fee%xgﬁ?&’iaﬁgée% |on§l'l th-ggis??lven |%/I§el§'qg s@?@?’ﬁé@‘%ﬂe@ a novel
mobi |l e  unidseits wlibzﬁ@rgmmheatﬁs tobd &r&mﬂo%dﬁke&dmﬁhhgmwem&amvﬂat ion.
Fig. 3.is.a block dia ramoéﬁglllustr |[rﬁlg tatipn. of. bile unit
i n -accor daPfc EPSRRY % rite (USek i r‘?@%‘{ TS gﬁﬂ*ﬂ?f& des a

- first anten@ﬁn&ﬁau&dapto@ﬁrtﬁnaﬁeeﬂem@ﬁSI mxﬂ&ui:ﬁw'aﬂreﬁt GrBhiguéd 960 @ remote-

: calculatmg angle of amva.‘l information are computauonally intensive.
Unfortunately, in some environments (e.g. urban environments) this condition
does not hold as the signal is often reflected off of buildings and other structures and
~ received as a mulupath beam. PN .
'Hence, a need connnues to exist in the art for a system or method for
increasing system capacity for cellular telephone sysuems. Specifically, there is a
need in the art for a system or method for ascertaining the position of a user in a
cellular telephone system equipped with smart antennas. This need is addressed by
- the teachings of the present invention. The inventive system includes a novel mobile
unit which communicares with a new and advantageous base station. _
Fig. 3 is a block diagram of an illustrative implementation of a2 mobile unit in
accordance with the present teachings. The mobile unit 30 includes a first antenna Sé
adapted to receive_; position location signals from a remote system such as the Global
Positioning Systerh. Signals from the GPS antenna 32 are processed by a GPS signal
processor 34. The GPS processor 34 outputs position data 1o a system controller 36
which selecﬁvelyimultiplexes‘ the position data with i:rovided via a user interface 37

for transmission by a transceiver 38. In the preferred embodiment, the transceiver 38

is a code division multiple access transceiver. However, those of ordinary skill in the




Positioning System Signals fromthe GPS antenna. 32 are processed by a GPS
signal processor 34. The GPS processor 34 outputs position data to a system
controller 36 which selectively multiplexes the position ddtfaMiy t0ps provi ded
via a user interface 37 for transm ssion by a transceiver 38. |In the
preferred ernbodi nent the transceiver 38 is a code division nmultiple access
transcei ver. However, those of ordinary skill in the I B -MAY 2005 art wll

appreciate that the invention is not limted thereto. The present teachings
may be utilized with other, communi cati ies such gs TDVA or OSM

)ns technol o
wi t hout deﬁ&rwipﬂgP$Fiéﬁt¥%§‘es‘EW°st ?%gmzﬁeégﬁﬁ“’-t CPReRgS ‘%S*“B&%‘Eﬁ%s.ed_ nor e
fully bel OW’be'd?iliE {h Sfef ESHmBRRAnE Wchhologed $ieh 28 ANALr GSNEARGRIENt 'S

r
enpl oyed by whic S overhead data iIs recefved by the base station 20 and
transm tt ed departihgfromishé scopsof thg present ddaghingsn acqui sition tine. In addit!

, th' it 30,1 d d [ ' |, f ' |, at f
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data is trangfhpémesht Ryenifléyedbyanisicle GPSlovéfiedddadis rbsevedtyethe bie2fatisAown i n
Fig. 4. Fig. 4 1s a block diagramof an illustratjve inplenmentation.of a

base stati onQ #nd t&%‘é@i@ﬁﬁ%ﬁ“’*\/ﬁ?@%‘ﬁ@"? 19 ShPRgsacarisition e sadditionetdei on. As
h in Fi - 1 | OR: L Oc| . 40 of
Spatially | omif'30 i 6B siiele £lighel 4l b hothe WREOM QOMAs Ha:ty 40 ©

be o
“convent i onal sapdllitedrhsat platformmt dnreay drss, ositiom lodation datef srirandmiftelddali thent , t he

a0 40 i Riheiftnd TR e A B A [ oods & smart antenna

; eprocessing circuit 50 °

. includes a plural pigy4 of a bIBEletivpratn 6 an iBusATRSImNEMSRRTErOSR L ehs€ blalidiinS 54, a -
spatial processor 60 and a Rake receiver 70. Returning briefly to Fig. 5 a

syst em pr.aceserordancrowish diei lerehings ©F the presepiinvensiont iAsrsbawndn Fitoth Bede® sigrw -
P acessor 11t 95 L gl ESAEPR o ogl PRUBEH RGO,
utilize the @8siTheparayad4thmayde ofa copvenhienall phased ruray hentdnas aesigt.athh ahe o
preferred embodiment, the array 40 is part of a Smart Antenna system and feeds a
smart antenna processing circuit 50. As shown in Fig. S the processing circuit 50
__‘incl‘udes a plurality of receviyersb 52,2 number of beamfgnm'xig elemé:nts 54, a spatial
processor 60 and a Rake receiver 70. o
~ Returning brefly to Fig. 5, a system processor 100 provides base station
. position data from a GPS signal processor 110 to the spatial processor 60. As
discussed more fully below, the processor is programmed, in accordance with the.
present teachings, to utilize the position data provided by the user and the base station
position data to steer the beams output by the array 40.
Fig. 5 is a block diagram of an illustrative embodiment of a smart amtenna
system incorporatng the teachings of the present invention. As shown in Fig. 5, each -
of the n elements 42 of the antenna array 40 feeds an associated one of n receivers 52.
In the illustrative embodiment, each receiver 52 downconverts and demogulates the
signal received by the element 42 and pe:fomis matched filtexing appropriate for a
given user. Cons:equently, each receiver accepts a radio frequency (RF) input signal

from an antenna element and processes it to output a baseband signal per each user.



position data to at= the beans output by the array 40. Fig. 5 is a block

diagrarn of an illustrative enbodi nent of a smart antenna \A%%t%m
i ncorporating the teachings of the present invention. Assho ﬂﬂ@ 5

each of the n elenments 42 of the antenna array 40 feeds an associ ated one
of nreceivers 52. In the illustrative enbodi nent, each receiver 52
downconverts and denodal ates the signal received by the elenent 42 and

patfamas matched filtering appropriate for a given user. Consequently, each

recei ver accept f F i I na
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a1 pl i CaOBRARRAPETEtAR His WAGIATL P A B AL AL TRE% B SAE
baseband si ghgdmf RoRMPRal6F 3h BE baseB&Id ExKS aid tHehisuitlsi thédel intd HBinglee
baseband signal and then suns these into a single signal. Hence, each
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baseband 60. Th
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ronis required

for each meﬁphIﬁesaepeafoﬁntaywnegaéi mulﬂ!ihtattﬂnem@&p&aﬁﬁi 1mqmrambr endht i pl e
users. The actual_ beamis fornmed by sunmn the c ex- nulg plied sanples

with an addesamsg |ﬁf°eaé‘EFWP‘°aH¥dP-‘ﬂPBIF AS per eé’?if?ral egFwak yppl i ed
to the rakepg ?é%ﬁ:ﬁedl% u!iﬁﬁng Gl Ml 5@&@&@%&%&4&@%&%& of the
boanf orii ners conb nes

| ays a t fiese ~, "signals in an optimal fashion.
- Thi s operat bgmnioahasﬁ4p| ace under the eont roI of the spatl al processing unit

- 60 for each | S he I 0 6 si bl e
for dewnining &ﬁg z éﬁ%;f es@%‘ghe?t?&é ‘%‘g %Esé}?% &‘h?galkerr}c‘eﬁ%ﬁz@sﬁati al
-processi ng ubiepts, ﬁf& ¢umt£6ﬂlﬂt$bﬂmfaﬂimatm@mdhﬁm|ﬁmrsnﬂ1m sipgdy id B i n_ .
accor dance with rﬁgent t eacaflé n f gel scusse r}DtL laj bel ow
o . . optim fashlon s operation t es% ace under the contro] of the span B/ rocessing
unit 60 for each I and Q sample. The spatial processing unit 60 is responsible for
determining the characienistics of the beams to be formed. The spatial processing unit

60 implements an advantageous beamforming algorithm in accordance with the
present teachings as discussed more fully below.

For a CDMA based system, an optimal beamforming solution, from a user
capacity perspective, is achieved by maximizing the Signal-to-Noise-plus-Interference
Ratio. Utilizing typical methods such as the “QOptimal Wiener Solution” results in
added complexity, cost and potential time delays within the system. In many cases a
“near optimal” solution can be achieved with the present teachings, requiring far less  ~
complexity, cost and time delay. This is illustrated with respect of Figs. 1, 6,and 7.

Fig. 1 is a flow diagram of a beamfomﬁng algorithm implemented in
accordance with conventional teachings-based on a Minimum Mean Squared Error
Algorithm. As illustrated in Fig. 1, the process 100 includes the steps of
acknowledging usér access of the system at step 110 and generation of a pilot signal

. in response thereto at step 120. At step 130 a receivéd signal vector is sampled and,
at step 140, used to create an equation of the beamformer output. At step 150, an

error function is creared between the pilot signal and the beamformer output, Next, at



For a CDKA based system an optinmal beanform ng solution, from a user
capacity perspective, is achieved by nmaxi mzing the 005
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accordance V\nﬂ%‘h%‘%% esgnlt teacﬁli ngs, these pnbler ncg ar egaobvi ated by using

user position datRBigdhits { flow siagram illystrative: of)the spatial progessimgimethddutitizedwei ght s.
The nethod js.the.onr.ese . ' [ t il d L ferance to
Fig. 7. 1 Fi %f‘h‘? megibd 3y %@?ﬁ%‘%@é’wﬁﬁs"? ?iﬁﬂ%%“%*f@‘ﬁéﬁs%“ﬁé ieffiof |

' Ial " processing
met hod uti | i 2e0dusebythd Bser ipotitionl divarand] optidnally loealrtemaih edanswodetdriminepthes ent

~invention. The novel nethod 700 .uses the yser positiqn dam.and, - optionally,

local terrai eaﬁ?@?&%ﬁ%ﬂﬂﬂ@%&eﬁﬁn@i %{}\%‘f’]ﬁﬁ@gg% ki Gggbe t he
'step 701 of gk, Gich F0YSEE u8&CRBSHHis pBAtion, then af step 704, the algorithm

" shownin Fig. 6 is used.

Fig. 6 is a flow diagram of an illustrative algorithm used to provide
bearnforming-te a user reporting his position in accordance ‘with the ;é;gchingé ﬁf the
present invention. At step 601 the user’s position and the position.of the base station
20 are provided to the spatial processing unit 60 (Fig. 5) which, ﬁt step 603 calculates

*the direction of the user with respect 10 the base station. Those skilled in the art will
appreciate that the present maéhings are not limited to the manner by which the user’s
.position is derermuned. Other techniques may be used to determine user and base
-station posidon without departing from the scope of the present teachings. The
" direcion of the user is calculated by converting the GPS coordinate data to
beamforming coordinate data and by using trigonometric techniques well-known to
those skilled in the art. 1
Next, at stép 603, the number and direction of the beams is calculated nsing
information suppliéd by an optional mulripath database 62 shown in Fig. 5.
The data base could be either based on analysis of the surroundings, or a
"measurement is performed. Measured data is assumed to be more accurate. A mobile

would be driven throughout the coverage area. Mobile position and angle of arrival of



sykem |f, at step, 703, the user reports his position, then at step 704,
the al gorithm shown in Fig. 6 is used. Fig. 6 is a flow di agrgamayafjsan
illustrative algorithmused to provide beanform ng to a user raporang his
position in accordance with the teachings of the present invention. At step
601 the user's position and the position.of the base station 20 are
provided to the spatial processing unit 60 (Fig. 5) which, at step 603
calculates the direction of the user with respect Tn the base station-
Those skilled in the art, will appreciate that the present teachings are

not |imted tdheensrgyswendd bplogged. dhisidara waslg beused dosfredts tha muliipethdatahesg. Ot her

t echni ques - gL:0i r . k i 14 i t hout
departing frg?{'tl@g‘ éf:%gpekg?'qﬁ%er :raggé}r#?&t%fg%]ﬂiaiggﬁa I]‘%Eee?ﬁhél)?eetg@?%énd gg;n%/\nhe
user is cal culantenda Ryaysharaeretistivg stiptie@RStepoi@Sdi nat e data to bearnform ng
coordi nate data ang, by using_trjgono i.c techniques well-known to those .
skilled in the art. *Né!&“,g ta #1170 tﬁﬁgsbé'ﬂgﬂ'fﬁﬁﬁﬁép&érf@tdﬁ% if doraienthe heans
is calcul ated dsj ' j 3 ' Mire) 1H2P ! eBkitd abase
62 shown in Fi 5 ? %gﬁg%@gﬁigg?ea ggﬁ%&gaepelthggpbg?g%&on anal‘%ﬁsdi?s( ol the
surroundi ngs, HWS)a neasurenent is perforned. Measured data is assuned to be
nore accurate. A ile. wowld be driven.throughout the cove e _area.

Mobi | e position a{ﬁ?ﬁa‘}n@ tB#"ll%qu'r ﬁ\?aqut%‘? °f6ﬁ1f/l&9‘a§(?6 ng RECEHEY %@g\m}}‘g" Be

| ogged. This dedizcaivet! 80 fededipathnt Cofiftiitién toifpatibld with hhelahmbeioer 38 &f aw! | v,

at step 607, the Sai n and phase of the antenna pattern is determ ned using
antenna array B1RbiaBNE0.sThewanscrivari3 sommugicalss sath anrexicmal npyorlpsychgs a7 ot

o step 703, 1T tBEnHSHEndleRTel oném ﬂhﬁziié’ﬁ%&e&ﬁonaﬁ?@itdﬂ/ﬁ e uses an

al gorithmthat generates a pattern that covers the entire sector (step '

. +705) . Returning to Thas, th preent duveption dits bhen denaribechheimpith rofeemsono50-is - . .

ot to @ L r QoS e Bl (5T b AR dpSRARL VA QSR TRRELR Sl b e e

- am -and access to the present teachings will Tecognize additional modifications, .
applications and embodiments within the scope thereof.

It is therefore intended by the appended claims to cover any and all such
applicaﬁc_sns; ’,modiﬁcations; and embodiments within the scope of the present
invention. I | .o

Accordingly,



mobile unit 30. The transceiver 80 communicates wth an external network
such as a Public Swtched Tel ephone (PSTN) 140 via a bi-directional switch
130. Thus, the -present invention has been described herein with, reference
to a, pWdLsUksr - enbodinment a particular application. gdpssidying
ordinary skill in the,~ art and access to the present teact%in@ﬁs d%a |1

recogni ze additional nodifications, applications and embodi t40wi t hi n &he
scope thereof. It is therefore intended by the appended clains to cover any
and all such applications, nodificationsli@nd enbodi nents within the scope
of the present invention. Accordingly, WO 02/416i2 PCT/US0143,577 16 NAY
2005 10 CLAIMS 1. A nobile transcei&ﬁeﬂM&vi ng: 2 a systemfor generation
of position information and neans for transmtting said position
information. 2. The invention of Claiml wherein said systemfor generation
of position 2 infoujosiie@andcBivbtEesng®ans for receiving a signal froma
satellite. 3. The invention of Claim2 wherein said systemfor generation of
positior? 2 inf o shstenoforigandreigusofimesiionfigformetéas andng a @ obal Positioning
System signal. 4. The inventi.on of aiml. wherein said systemfor
generation of po‘EF‘i‘qsgﬁrtr@Sfrﬂtflggﬁ%lflip %1?19% qfala%agloﬁ“éans for receiving a signal
froman airborne platform C 5. The invention of Caiml wherein said neans

for transmtting said position information includes a COVA transmtter. 6.
A base station hhavihgginvention of Claim 1 wherein said system for generation of position

2 information includes means for receiving a signal from a satellite.

3. The invention of Claim 2 wherein said system for generation of position

38

information includes means for receiving a Global Positioning System signal.

4. The invention of Claim 1 wherein said system for generation of position

2  information includes means for receiving a signal from an airborne platform.

5. The invention of Claim 1 wherein said means for transmitting said position

2

information includes a CDMA transmitter.

6. A base station having:
2 means for receiving position information from a remote unit and providing a
received position signal in response thereto and

4 means for directing a beam in response to said received position signal.

7. The invention of Claim 6 wherein said position information is provided at

2 leastin part by a Global Positioning System.
&. The invention of Claim 7 wherein said remote unit is a mobile transceiver.

9. The invention of Claim 8 wherein said mobile transceiver is a CDMA

2 transceiver.



2 nmeans for receiving position information froma renote unit and providing
‘a received position signal in response thereto and 4 neans for directing- a
beam i n respanse2t o said received position signal. 7. The Pamesolisgri7 of Cl aim
6 wherein said position information is provided at 2 least in part by a

G obal Positioning System 8. The invention of O aim7 wherldi MASHIM renote
unit is a nobile transceiver. 9. The invention of Claim38 wherein said

mobil e transceiver is a CONFA 2 transcei vir. WD 02/41652 PCT/ US01/ 43577 6

MAY 2005 10. The j nti on..of i M8 wherei.n.said bheamjs directed to said
transcei ver. 11. fdﬁ/{ﬁe 7N %anél“éqeﬁ?% Se\lkﬁg?@flﬁs %&‘?C&edn’.&éﬁ@ i Fect i ng
a beam 2 includes a snart antenna. 12. The invention of Caim 11 wherein

said neans for directing a beam 2 includes an antenna array. 13. The
invention of Claim112 further including neans for driving said array 2 to

out put a directed beam . 14. .The.ikventio f Cdaiml3 erein.sali d nmeans for
driving incl udesdlé‘eg]ebg}a\ﬁ@ﬂ?%} r?ifn(glaﬁ]ét%%??elriss.aldAl Al P’ér‘ﬁr(‘?%fﬂ%ﬁi %At ons
syst em conprinslufs a sndarBardi®al € transcei ver having: a GPS system for
generation of position information and 4 nmeans for transmtting said
position informati on and a base station having: 6 neans for receiving said
posi tion i nformat;iy0 n i di . i v.ed it i L in onse
thereto and 9 nealﬁér)qh%cfaatvglg%\ét gfsg:?%lﬂibégg&%ré isoaﬁd)%%ahgi%gﬁag%ngaab%am in
response 2 O includes an antenna array.

13. The invention of Claim 12 further including means for driving said array

2

to output a divected beam.

14. The invention of Claim 13 wherein said means for driving includes a

2 beamforming network.

15. A cellular communications system comprising:

2 a mobile transceiver having:
a GPS system for generation of position information and

4 means for transmitting said position information and

a base station having:
6 means for receiving said position information and providing a

received position signal in response thereto and

8 means located at said base station for directing a beam in response to

said received position signal.

16. The invention of Claim 15 wherein said GPS system is GPS assisted.

17. The invention of Claim 15 wherein said means for directing a beam

2  includes a smart antenna.



said received position signal. 16, The invention of Caim1l5 wherein said
GPS systemis GPS assisted. 17. The invention of Caim 15 wherein said neans
for directjng a beam 2 includes a smart antenna. WD 02/ 410 43577 16
MAY 2005 “’ﬁ‘%i%.“zThe i nvention of Caim 17 wherein said rre%@ﬁ%gﬁg#” ecting
a beam 2 includes an antenna array. 19. The invention of 1@l aiyrE8 further

i ncluding neans for driving said array 2 to output a directed beam '10.
The invention of Claim19 wherein said neaps for driving includes a 2

beanf orm ng network. 21. A nethod for effecting directional cellular

communi cat i ons i ntd. ulheninvegon 2f Claps 10T wheeie saitli mgangofirt difsdting faobemad i on at
a nobile transceiver; 4 transmtting said position information; neans for
recei vi ng saPaluAesA IFRNRAFBY -t i on at a base station and providing a 6
received position signal in response thereto; and directing a beamfrom said
base station to said nobile transceiver in response "8 to said received

posi tion signal. 19. The invention of Claim 18 further including means for driving said array

2 to output a directed beam.

20. The invention of Claim 19 wherein said means for driving includes a

2 beamforming network.

21. A method for effecting directional cellular communications including the
2 steps of:

generating position information at a mobile transceiver;
4 transmitting said position information;

means for receiving said position information at a base station and providing a
6  received position signal in response thereto; and

directing a beam from said base station to said mobile transceiver in response

8  to said received position signal.



